Abstract. In recent years, along with the wide application of organ transplantation and immunosuppressive agents, as well as the abuse of broad spectrum antibiotics, the incidence of invasive fungal infections has been increasing gradually. The present study aimed to identify novel biomarkers in cells infected with Aspergillus fumigatus. Human umbilical vein endothelial cells (HUVECs) were infected with Asper gillus fumigatus and then harvested at different time-points (0, 1, 2, 4 and 6 h). The expression Toll-like receptor 2 (TLR2) and dectin-1 expression were examined using flow cytometry and western blotting, and fluorescence-based microscopy was used to evaluate their distribution. The results indicated that TLR2 and dectin-1 protein levels were localized on the surface of HUVECs, and that dectin-1 was distributed on HUVEC membranes as observed under confocal microscope.
Introduction
In recent years, along with the wide application of organ transplantation and immunosuppressive agents, as well as the abuse of broad spectrum antibiotics, the incidence of invasive fungal infections has been gradually increasing, particularly of invasive aspergillosis (1, 2) . Aspergillus fumigatus is the most common pathogen of the Aspergillus genus; however, its pathogenic mechanism currently remains unclear.
The vascular endothelial cell is one of the targets of invasive infection induced by Aspergillus fumigatus. Previous in vivo and in vitro studies have demonstrated that endothelial cells can adhere or endocytose the Aspergillus fumigatus spores, resulting in increased expression of the inflammatory factors interleukin (IL)-1, tumor necrosis factor (TNF)-α, IL-6 and IL-8 (3) (4) (5) . In vascular endothelial cells, the receptor that recognizes the Aspergillus fumigatus fungus is not clear to date. As a type of pathogenic fungi, Aspergillus fumigatus can be recognized by the Toll-like receptors (TLRs) and dectin-1 molecules of the hosts in order to induce the immune reaction. To date, it has been proven that TLR2, TLR4 and dectin-1 are the main Aspergillus fumigatus-associated recognition receptors (6, 7) .
The experiments of the present study attempted to investigate the alterations in host cell-associated receptors following infection with Aspergillus fumigatus using western blot analysis and flow cytometry. The study aimed to reveal the molecules associated with the recognition of endothelial cells and Aspergillus fumigatus, as well as to provide a more comprehensive understanding of the pathogenic mechanism involved in this infection. streptomycin in a 5% CO 2 incubator under 37˚C. The present study was approved by the Ethics Committee of the Second Military Medical University (Nanjing, China).
Preparation of Aspergillus fumigatus spores and mycelium.
The Aspergillus fumigatus strains were isolated and identified by Microorganism Laboratory of the Second Military Medical University. After 5 days of growth in the Sabouraud agar from Nanjing KeyGen Biotech Co., Ltd., the fungus was washed with DMEM culture solution, followed by filtering with a 16-layer gauze and centrifuging at 10,000 rpm for 3 min at 4˚C. The fungus with 10 7 spores/ml was obtained in the culture solution. Next, the spore suspension was incubated at 37˚C and 5% CO 2 for 7 h. Finally, the Aspergillus fumigatus spores were preserved under 4˚C.
Flow cytometry assay. The HUVECs were stimulated with 1 ml (10 7 /ml) Aspergillus fumigatus suspension, and washed 3 times by phosphate-buffered saline (PBS) after incubation at 37˚C for 0, 1, 2, 4 or 6 h. Subsequently, the HUVECs were digested by 2 mM EDTA and centrifuged under 750 x g for 5 min at room temperature. Following centrifugation, the HUVECs were then re-suspended, fixed in 3% paraformaldehyde for 30 min and washed three times using PBS with centrifugation under 750 x g for 5 min at room temperature. Next, the HUVECs were incubated with goat anti-human dectin-1 (1:1,000, sc-73897; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and phycoerythrin (PE)-labeled TLR2 (1:500, cat. no. 12-4752; eBioscience; Thermo Fisher Scientific, Inc.) antibodies at room temperature for 1 h. After washing with PBS two times, the HUVECs were incubated at room temperature for 1 h with PE-labeled or fluorescein isothiocyanate (FITC)-labeled goat anti-mouse IgG antibodies (Santa Cruz Biotechnology, Inc.), respectively. Cells were then washed by PBS 2 times and resuspended to adjust the cell concentration to 10 6 /ml. Finally, flow cytometry was performed and CellQuest software v3.3 (BD Biosciences, Franklin Lakes, NJ, USA) was used to observe the TLR2 and dectin-1 expression in the cells.
Western blot analysis. A total of 1 ml Aspergillus fumigatus suspension was added to the 6-well plate seeded with HUVECs, followed by washing in cold PBS 3 times after 1, 2, 4 and 6 h of incubation. The HUVECs were collected. Next, cells were solubilized in lysis buffer containing 20 mM Tris (pH 7.5), 135 mM NaCl, 2 mM EDTA, 2 mM DTT, 25 mM glycerophosphate, 2 mM sodium pyrophosphate, 10% glycerol, 1% Triton X-100, 1 mM sodium orthovanadate, and 1 mM phenylmethylsulfonyl fluoride for 1.5 h. The lysed HUVECs were centrifuged at a speed of 8,000 x g at 4˚C, then the pellets were removed. After quantification with BCA, proteins in the supernatant (20 µg/lane) were separated by 12% SDS-PAGE under reducing conditions and then transferred to a polyvinylidene difluoride membrane. The membrane was blocked with 5% skim milk for 1 h in TBS-Tween-20 (TBST). The membrane was washed three times with TBST (5 min/wash). The anti-TLR2 (1:1,000, cat. no. 3478; eBioscience; Thermo Fisher Scientific, Inc.) or anti-dectin-1 antibodies (1:2,000, cat. no. 12-5434; eBioscience; Thermo Fisher Scientific, Inc.) as primary antibody was added in 5% bovine serum albumin (BSA) and incubated overnight at 4˚C on a shaker. The membrane was washed 3 times with TBST (5 min/wash). Rabbit IgG secondary antibody (1:10,000, cat. no. 3483; Thermo Fisher Scientific, Inc.) was added in TBST with 5% skim milk for 1 h at room temperature. The blots were developed using a TMB immunoblotting system (cat. no. 16101200; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The total density of the protein bands was calculated by using BandScan software version 4.0 (Glyko; BioMarin Pharmaceutical, Inc., San Rafael, CA, USA).
Immunofluorescence assay. A cover slip was placed in a 24-well plate (with a diameter of 1.5 cm), and the HUVEC suspension with a density of 8,000 cells/well was added to the cover slip and cultured in an incubator at 37˚C and 5% CO 2 for 24 h. Next, 1 ml (10 7 spores/ml) suspension of Aspergillus fumigatus was added to the cover slip containing the cells, incubated for ~4 h and then washed using PBS for 3 times. The cells were subsequently fixed with 3% paraformaldehyde for 30 min, and treated with Triton X-100 for 20 min. TLR2 and dectin-1 antibodies were added to the cells for incubation at 4˚C overnight, followed by incubation with the mouse or goat IgG fluorescence secondary antibody (1:5,000, cat. no. 3432; Thermo Fisher Scientific, Inc.) at 37˚C for 2 h. Finally, the cover slip was placed on a glass slide and observed under a confocal microscope.
Statistical analysis. The software SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA) was used to conduct statistical analysis. The measuring data are expressed as the mean ± standard deviation. Mean values among multiple groups were compared by the single-factor analysis of variance. P<0.05 was considered to indicate a statistically significant difference.
Results

TLR2 and dectin1 are distributed on the surface of the
HUVECs. The distribution of the TLR2 and dectin-1 was observed using a light microscope at 4 h post co-incubation of Aspergillus fumigatus and HUVECs. Numerous Asper gillus fumigatus spores and longer hypha were observed in the HUVECs. In addition, green fluorescence from FITC-dectin-1 was observed around the spores and hyphae, and dectin-1 even appeared outside the cells, which indicated that the endothelial cells could be combined with the Aspergillus fumigatus. By contrast, PE-labeled TLR2 (red) only appeared inside the cells and on the cell membrane, and there was no associated red label around the Aspergillus fumigatus, which indicates that TLR2 was unable to combine with Aspergillus fumigatus. However, following stimulation by the Aspergillus fumigatus, TLR2 can be endocytosed inside the HUVECs (Fig. 1A and B) .
Aspergillus fumigatus triggers the alteration of TLR2 and dectin1 levels. In order to evaluate the expression of the TLR2 and dectin-1 proteins, the fluorescence intensity of the dye-stained proteins in the HUVECs was examined. The results indicated that the TLR2 fluorescence intensity in the Aspergillus fumigatus group was significantly decreased following incubation for 2, 4 or 6 h, compared with the control group ( Fig. 2A; P<0.05) . The TLR2 fluorescence intensity exhibited a time-dependent decrease, with significant differences observed between the groups (between 0 and 6 h) ( Fig. 2A; all P<0 .05). By contrast, the dectin-1 fluorescence intensity in Aspergillus fumigatus group significantly increased at 1, 2 and 4 h post-infection compared with the control group ( Fig. 2B; P<0 .05), and a peak intensity value appeared at 2 h.
Aspergillus fumigatus infection decreases TLR2 expression and increases dectin1 expression.
The results indicated that the TLR2 expression was significantly decreased in the Aspergillus fumigatus groups as compared with the control group after 2, 4 and 6 h of incubation, in a time-dependent manner ( Fig. 3 ; P<0.05). As shown in the western blots, the expression of dectin-1 was most distinct following co-incubation of Aspergillus fumigatus and HUVECs for 2 h (Fig. 2A) . The dectin-1 expression was significantly increased in the Aspergillus fumigatus groups at 1, 2, 4 and 6 h post-infection compared with the control (Fig. 3B; P<0.05) . However, the dectin-1 expression was significantly reduced at 4 and 6 h post-infection compared with the 2 h post-infection with Aspergillus fumigatus (Fig. 3B; P<0 .05).
TLR2 expression is positively correlated with the Asper gillus fumigatus concentration. In order to investigate the promising role of the TLR2 in Aspergillus fumigatus-infected
HUVECs, correlation analysis was performed in the present study. The results indicated that the TLR2 levels were positively correlated with the Aspergillus fumigatus concentrations ( Fig. 4A; P<0 .05, r=0.8673). Furthermore, there was no correlation between the dectin-1 levels and the Aspergillus fumigatus concentrations (Fig. 4B; P>0.05 ). 
Discussion
Aspergillus fumigatus has received attention due to its high mortality rate. In particular, among patients with low immunity, the mortality of invasive pulmonary aspergillosis is up to 60% (1,2). Vascular invasion is an important feature of invasive aspergillosis, and thus the interaction between the Aspergillus fumigatus and endothelial cells appears to be important. The main constituent of fungal cell wall is β-glucan, while dectin-1 is the specific receptor of β-1,3-glucan (8) . A previous in vivo experimental study demonstrated that mice with no dectin-1 expression that were nasally administered with Aspergillus fumigatus presented a significantly higher fungal load in the lung tissue as compared with wild-type mice (7) . This indicates that dectin-1 serves a leading part in the process of removing Aspergillus fumigatus from the body. At the cellular level, dectin-1 is mainly expressed in the dendritic cells and mononuclear phagocytes, with reduced levels in the lymphocytes and acidophils, and no expression in the non-phagotrophic host cells, such as epithelial and endothelial cells (9) . For instance, Aspergillus fumigatus stimulates the generation of IL-8 in epithelial cells independently from the TLR/MYD88/NF-κB pathway, but associated with the mitogen-activated protein kinase signaling pathway (10) . In 2009, a Korean study observed that mycobacteria stimulated the upregulation of dectin-1 mRNA in the alveolar epithelial cells (11) . In 2002, Lowe et al (12) observed that there were at least two types of glucan receptor recognition in endothelial cells. Therefore, the receptor that recognizes Aspergillus fumig atus in vascular endothelial cells remains unclear. To the best of our knowledge, no previous studies reporting the expression of dectin-1 in endothelial cells have been published to date.
The present study observed that flow cytometry was able to detect the expression of dectin-1 in endothelial cells by indirect immunofluorescence. Subsequent to culturing with Aspergillus fumigatus, dectin-1 was able to bind to the surface of Aspergillus fumigatus and be dispersed on the interior and exterior of cells. However, it was observed that the non-endocytosed Aspergillus fumigatus (located between the cell membrane and cell) was also able to incorporate dectin-1, which indicated that dectin-1 was secreted outside the cells. The effect of this phenomenon on the body is unknown yet, although previous findings demonstrated that dectin-1-Fc IgG was able to regulate the endocytosis process (13, 14) .
A previous study demonstrated that TLRs serve an important role in the innate immunity (15) . A mouse without TLR2 is harder to form the disseminated candidiasis compared with the wild-type one (16) . TLR2 is an important receptor able to recognize the hypha and spores of Aspergillus fumigatus. With the aid of flow cytometry, the present study detected the expression of membrane receptor TLR2 at different time-points following the stimulation of the endothelial cells with Aspergillus fumig atus. Following prolonged contact with Aspergillus fumigatus, TLR2 expression exhibited a gradually descending trend. However, previous research indicated that TLR2 could enter into macrophages (17) . According to confocal microscopy examination in the present study, TLR2 was observed in the endothelial cells, however, it did not appear to combine with Aspergillus fumigatus. Furthermore, the Aspergillus fumigatus surface at the exterior of the cell displayed no fluorescence for TLR2. The reason underlying this effect may be that, although TLR2 is able to recognize Aspergillus fumigatus, the recognition does not mean also combination. A previous study suggested that in macrophages without TLR2 and/or TLR4 expression, the capacity for binding with the spores of Aspergillus fumigatus was not altered (18) .
The recognition ligand of TLRs remains unclear, although Aspergillus fumigatus secretes a great variety of proteins, including certain important pathotoxins, such as gliotoxin. TLR2 may recognize or bind to certain secretory proteins in order to enter into the cells. Therefore, further study is required on the specific ligand of Aspergillus fumigatus for its recognition by TLRs. Additionally, a certain time is necessary from the transcription to the translation, and to the expression of proteins, and studies at the protein level are unable to report the entire process of receptor alterations. A previous study identified that the spores of Aspergillus fumigatus stimulated the mononuclear cell membrane in the peripheral blood, while the expression of receptor TLR2 was decreased, but the mRNA level of TLR2 was not affected (19) . Accordingly, further study on the influence of Aspergillus fumigatus on the endothelial cell receptor TLR2 should be performed. TLR2 and dectin-1 are the well-characterized biomarkers for the recognition of Aspergillus fumigatus, according to previous studies (20) (21) (22) (23) (24) . These studies mainly explored the TLR2 and dectin-1 levels in patients and animals. However, the present study aimed to identify a novel biomarker for quick examination of this pathogen in clinical practice. Therefore, the application of the TLR2 and dectin-1 in HUVECs was mainly explored by detecting the fluorescence intensity. Meanwhile, the present study also investigated the correlation between TLR2 or dectin-1 and the Aspergillus fumigatus concentrations. Therefore, novel results were reported herein, in comparison with previous studies (20) (21) (22) (23) (24) .
In conclusion, the results of the present study experiments indicated that, following incubation with Aspergillus fumigatus, the expression and distribution of dectin-1 and TLR2 in HUVECs were significantly altered, and the expression of TLR2 was also negatively correlated with the concentration of Aspergillus fumigatus. Thus, TLR2 and dectin-1 levels may function as promising biomarkers for the diagnosis of Aspergillus fumigatus infection.
